The title compound, C 11 H 11 FO 2 , is a building block in the synthesis of the active pharmaceutical ingredient dl-nebivolol. The synthesis starting from the enantiomerically pure (R)-6-fluoro-4-oxo-3,4-dihydro-2H-chromene-2-carboxylic acid resulted in a mixture of two stereoisomers, namely (R)-6-fluoro-2-[(S)-oxiran-2-yl]chroman and (R)-6-fluoro-2-[(R)-oxiran-2-yl]chroman. The mixture was separated by column chromatography but only one stereoisomer crystallized. The X-ray structure analysis revealed that the solid consisted of the R,S isomer. A similar procedure was repeated for (S)-6-fluoro-4-oxo-3,4-dihydro-2H-chromene-2-carboxylic acid and, in this case, the S,R isomer was produced as a crystalline solid. Thus, all four stereoisomers of the title epoxide were obtained and their absolute configuration was assigned. The crystal studied was refined as an inversion twin.
Related literature
For the synthesis of the enantiopure title product, see: Jas et al. (2011) . For pharmacological properties of nebivolol, see: Van Lommen et al. (1990) . For a study of related isomers, see: Horiguchi et al. (1997) . For the determination of absolute structure, see: Flack (2003). The synthesis starts from enantiopure 2-chloro-1-(6-fluoro-chroman-2-yl)-1-ethanol (Jas et al., 2011) that is transformed into enantiopure 6-fluoro-4-oxo-3,4-dihydro-2H-chromene-2-carboxylic acid. Formation of the epoxide from the carboxylic acid results in a new stereogenic center and a mixture of two stereoisomers is formed from each enantiopure form: R,S and R,R from the R enantiomer of the acid and S,R and S,S from the S enantiomer. The mixtures of stereoisomers can be separated by column chromatography and all four stereoisomers in the reactions can be isolated in a pure form (Fig. 2 ). These epoxide intermediates can be further used in a ring-opening reaction with benzylamine to yield, after catalytic hydrogenation, nebivolol isomer with four chiral center.
Of the four stereisomers of the title compound only two form solids, and the remaining two are liquids under normal conditions. X-ray structural analysis from a single crystal of a solid stereoisomer obtained from (R)-6-fluoro-4-oxo-3,4-dihydro-2H-chromene-2-carboxylic acid revealed that it has R,S configuration at the stereogenic centers ( Fig. 1 ). Crystal data for this stereoisomer are reported in this paper. As expected, X-ray structural analysis of the solid epoxide obtained from the S enantiomer of the acid revealed the S,R configuration at the stereogenic centers.
S2. Synthesis and crystallization
(R)-6-Fluoro-2-[(S)-oxiran-2-yl]chroman was prepared from enantiopure 2-chloro-1-(6-fluorochroman-2-yl)-1-ethanol according to the procedure reported by Jas et al. (2011) .
Crystals suitable for X-ray analysis were obtained in a fraction from column chromatography with heptane/ethyl acetate as eluent.
S3. Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 View of the molecular structure of the title compound with 50% probability displacement ellipsoids for the non-hydrogen atoms.
Figure 2
Reaction scheme for the synthesis of nebivolol
(R)-6-Fluoro-2-[(S)-oxiran-2-yl]chroman
Crystal data 75.47MHz, ppm): 23.4, 23.7, 44.5, 52.3, 75.3, 113.7 (d, 23 
